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Artiﬁcial membraneStudies on the interaction of snake venom and organized lipid interfaces have been conducted using a variety
of systems, including BLMs, SUVs and GUVs. The present study was undertaken to elucidate how the plastic
properties (namely, its microviscosity, thickness, permeability) of model membranes from native lipids of
different tissues of rats change in the course of Macrovipera lebetina obtusa (MLO), Montivipera raddei (MR)
and Naja kaouthia (NK) venoms processing. The presence of viper venom in organism leads to increasing
of the electrical resistance of BLMs from liver and muscle lipids approximately on a sequence, while the
BLMs from brain lipids have not shown noticeable differences of plastic properties compared to the control.
Giant unilamellar vesicles (GUVs) with a mean diameter of 30 μm have a minimum curvature and mimic cell
membranes in this respect. Snake venom was added to the sample chamber before the vesicles were formed.
The membrane ﬂuorescence probes, ANS and pyrene, were used to assess the state of the membrane and spe-
ciﬁcally mark the phospholipid domains. Fluorescent spectra were acquired on a Varian ﬂuorometer instru-
ment. ANS and pyrene allow us to quantify the ﬂuidity changes in the membrane by measuring of the
ﬂuorescence intensity. The presence of viper venom in GUVs media reveals a noticeable decreasing of mem-
brane ﬂuidity compared to the control, while the binding of ﬂuorophores with GUVs modiﬁed by venom
leads to the appearance of channel activity. These studies also emphasize the importance of a membrane sur-
face curvature for its interaction with enzymatic components of venom.
© 2012 Elsevier B.V. All rights reserved.1. Introduction
The problem of the molecular basis during the interaction of snake
venom with different tissues of the organism has engaged the atten-
tion of scientists with diverse backgrounds and interests. Snake
venoms have gained considerable attention in recent years as a treat-
ment used in pharmacology and for its application during disorders of
nervous system function and blood diseases [1–3]. In spite of the high
level of puriﬁcation techniques and detailed analysis of different com-
ponents of such zootoxins, the mechanism of the interaction between
venom and intact tissues in the living organism is still not clear: the
biological effect of venoms is complex because different components
have distinct actions and may, in addition, act in concert with other
venom molecules [4,5]. The synergistic action of venom proteins
may enhance their activities or contribute to the spreading of toxins
[6–8]. A fact that has received some attention is the difference be-
tween the toxic activity of puriﬁed venom components and that of
the same components in the whole venom [9,10]. Also the fact that
members of the same proteins family show remarkable structurephysics, Yerevan State Univer-
fax: +374 1 554 641.
rights reserved.similarity but depart in their biological targeting, makes them valu-
able biotechnological tools for studying physiological processes and
poses exiting challenges in delineating structure–function correla-
tions that may lead to the design of novel anti-toxic drugs of clinical
use in case of sever envenomations and some pathologies.
Vipers and pit vipers (snakes of the family Viperidae) produce
venoms,which contain proteins that are normally part of the coagulation
cascade, the normal haemostatic system and can cause tissue repair.
Nevertheless human envenomations are very often accompanied by
clotting disorders, hypoﬁbrinogenemia and local tissue necrosis [6]. Al-
though viperid venoms may contain well over 100 protein components,
venom proteins belong to only a few major protein families, including
enzymes (serine proteinases, Zn2+-metalloproteinases, L-amino acid ox-
idase, group II PLA2) and proteins without enzymatic activity (disinte-
grins, C-type lectins, natriuretic peptides, myotoxins, CRISP toxins,
nerve and vascular endothelium growth factors, cystatin and Kunitz-
type proteinase inhibitors) [11].
The medicinal value of snake venoms has been known from ancient
times [12,13]. Snake venoms are medicinally effective at low doses,
while their therapeutic properties are achieved by mechanisms which
are different from those of known therapies. Angiogenesis, the process
by which new blood vessels are formed, is a fundamental event re-
quired for a number of physiological and pathological conditions and
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esis is well established [14,15]. Because of their unique biological effect,
many types of snake's venom have been utilized as valuable pharmaco-
logical reagents for studies on the interaction of their content and orga-
nized lipid interfaces, like as BLMs, LUVs, SUVs, MLVs, etc. [16,17]. But
usually because of their particular characteristics (size and lamellarity)
these model membrane systems are not necessarily accurate descrip-
tions of cell membranes.
The binding of proteins to lipid interfaces depends on the physic-
chemical and structural properties of themembrane surface. It is gener-
ally accepted that secreted (integral) enzymes are particularly active in
the presence of transient "membrane defects" which have been identi-
ﬁed as the borders between coexisting lipid phases [18,19]. Also, ex-
pression of many proteins is enhanced by membrane curvature [20].
The problem of protein interaction with lipid vesicles as a function of
surface curvature has ramiﬁcations for medical application of nanos-
tructures. GUVswith amean diameter of 30 μmhave aminimum curva-
ture and thereby mimicking cell membranes in this respect; and could
be ideal for studying lipid/lipid and lipid/protein interactions using mi-
croscopy techniques with membrane ﬂuorescence probes [21].
The present studywas in part prompted by an interest in the changes
of the lipid condition, which take place in native membranes under the
inﬂuence of Macrovipera lebetina obtusa (MLO) and Montivipera raddei
(MR) venoms. Fluorescent microscopy with membrane probes (ANS(8-
anilinonaphthalene-1-sulphonate) and pyrene) is a sensitive criterion
of the physiological condition of lipids and lipid-contained structures.
[22]. Study of the above processes as well as modeling of plastic proper-
ties of lipid bilayers in the interaction with venom, could provide impor-
tant information. And as we thought, it was necessary to compare the
results of these studies with analogous data from experiments with




Adult (weighting 180–220 g) non-purebred male rats were used in
all experiments, they were kept in standard conditions of light (on be-
tween 07.00 and 19.00 h) and temperature (22±2 °C) and fedwith lab-
oratory chow and tapwater ad libitum. The animals to be used for in vivo
studies were handled gently daily, for a week, to minimize stress condi-
tions. Experiments were carried out between 08.00 and 09.00 h. All pro-
cedures were done according to our institution's animal care rules and




The venom of the M. lebetina obtusa, M. raddei and N. kaouthia was
tested for its ability to induce supramolecular changes in rats after
short-term (10 min) intramuscular injection of the venom (0.35 mg/
kg approx. 0.5 LD 50), by modeling of artiﬁcial membranes from native
lipid content from some organs (liver, heart, brain andmuscle). For this
purpose rats were killed by decapitation at either 10 min after venom
injection and tissues were quickly removed (−4 °C) for lipid puriﬁca-
tion. We tried to compare the data of in vitro and in vivo experiments.
For in vitro experiments dried lyophilized toxin of snakes was dissolved
in Tris–HCl buffer (pH 7.4) with a concentration of 3*10−5 M.
2.3. Phospholipid processing
Lipids fractions were isolated frommarked tissues of rats, according
to the original Katesmethod [23]. Then a vacuumpumpwas used to re-
move the chloroform–methanol mixture. For in vitro experiments therewere incubated with venom solution and held at a constant tempera-
ture of 37 °C for 10 min. Then lipid sediments were dissolved in nonane
(3% solution).
2.4. BLMs
The lipid bilayer membranes were formed from the lipid fractions of
rat tissues on a Teﬂon aperture by means of the Muller method [24]. A
Teﬂon cylindrical cup having a 0.8 mm hole is coupled to a glass cham-
ber; so the cup separated two compartments ﬁlled with 5 ml electrolyte
each. Electrical access to the baths was through a pair of Ag/AgCl
electrodes.
Optical reﬂectance, electrical resistance and capacitance indicated
the formation of planar lipid bilayers. The electrical parameters of the
BLMswere determined on a device equippedwith a Keithley 301 differ-
ential feedback ampliﬁer (United States) in a voltage-ﬁxation mode (/
current-clamp mode), which let to keep a membrane potential on any
level, independent from ionic streams. The potential setting on exit of
generator completely falls on membrane, the resistance of which is
much higher than that of electrodes, electrolyte and effective resistance
of current's gauge. Electrometric device can measure a current through
membrane, under ﬁxed value of transmembrane difference of poten-
tials. The own resistance of the membrane amounts by following this
formula:
Rm ¼ RfUm=Uf Ohmð Þ;
Where
Uf potential from source of direct current;
Um difference of potentials on membrane;
Rm membrane resistance;
Rf resistance of chain
Conductivity of membrane:
gm ¼ 1=Rm Ohm−1
 
Speciﬁc electrical conductance (g) is expressed in Ohm−1/mm2.
0.1 M KCl, NaCl, LiCl and KJ, KBr served as ionic media.
The breaking-potential of membrane recorded in the experiments
in shielded camera is taken as the threshold value of the voltage ap-
plied. The potential of membrane rapture is a criterion for valuation
of natural defects of model membranes. Under electrical potential, ra-
dius of these holes is increasing. There is a critical value of radius (ro),
and when rφ>ro membrane is destroying.
2.5. Giant unilamellar vesicles (GUV)
GUVs for ﬂuorescent labeling and measurements were prepared
according to the electroformation method, developed by Angelova and
Dimitrov [25]. GUVs were formed in a temperature-controlled chamber
that allows a working temperature range from 20 °C to 50 °C carrying
out the following steps: ~2 μl of the lipid stock solution was spread on
each of the two sample chamber platinum wires under a stream of dry
N2. Then a vacuum pump was used for ~1 h to remove any remaining
trace of organic solvent. The chamber and the buffer (Tris–HCl 0.5 mM,
pH 7.4) were separately equilibrated to temperatures above the lipid
mixture phase transition(s) (~10 °C over the corresponding transition
temperature) and then 2 ml of buffer was added to cover the wires. Im-
mediately after buffer addition, the platinumwires were connected to a
function generator and a low-frequency alternating ﬁeld (sinusoidal
wave function with a frequency of 10 Hz and amplitude of 2 V) was ap-
plied for 90 min. Themeandiameter of theGUVs is ~30 μm, as previous-
ly reported by Bagatolly [22].
Table 1
Snake venoms in vitro action on the electrical properties of BLMs (resistance Rm, con-







Rm (Ohm) (1±0.7)*1011 (6±0.8)*108 (1.9±0.3)*109 (3.3±0.2)*108
gm (Ohm−1) (2±0.2)*10−11 3.3*10−9 4*10−10 3*10−9
Ur (mV) 448±12 270±8 580±10 280±9
Average value (±SEM) of minimum 7different experiments.
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The ﬂuorescence emissionwas observed from 350 nm to 600 nm.M.
lebetina obtusa and M. raddei venoms were added to the sample cham-
ber before the formation of vesicles. Themembraneﬂuorescenceprobes,
ANS and pyrene,were used to assess the state of themembrane and spe-
ciﬁcally mark the phospholipid domains. One micromolar ANS was
added to the samples and then incubated for 5 min in 25 °C [26]. The
ﬂuorescence intensity of ANS is inversely proportional to the value of
the membrane potential. Three-micromolar pyrene was added to the
samples and then incubated by stirring constantly in 25 °C for 2 min,
[27]. The ﬂuorescent spectrum of pyrene estimates its incorporation
within the lipid bilayer. These probes were added to the sample cham-
ber after the vesicles formation. Fluorescent spectra were acquired on
a Varian Eclipse ﬂuorometer instrument; the excitation wavelength for
the pyrene monomers and dimeres is 286 nm and 334 nm (Lemission is
395 nm and 470 nm respectively); the excitation and emission wave-
lengths for ANS are 360 nm and 490 nm respectively.
2.7. Statistical analysis
For quantitative analysis of electrical parameters of BLMs, a Student's
test was used to compare differences at each time point, considering
Pb0.05 as signiﬁcant. All datawere presented asmean±SEM(n=num-
ber of experiments).
3. Results
3.1. Electrical current measurements in planar bilayer lipid membranes
(BLMs)
Electrical measurements of planar bilayers provide a means of
measuring the changes in conductance, due to the formation of chan-
nels, pores or defects on the membranes, caused by the binding, in-
sertion and translocation of peptides, at lowest concentrations, at
which transient events can be detected. It also enables the determina-
tion of other features such as: electropermeabilization, ionic selectiv-
ity of the pores and an estimation of the pore's size. Table 1 shows the
results obtained with the in vitro action of three types of snake venomFig. 1. A dependence of electrical resistance of rat's brain lipids BLMs (incubated witon the electrical conductance of BLMs from brain lipids of rats in
media of K+ ions. For the ﬁrst series of experiment aliquots of
0.05 ml venom stock solution (concentration 10 mg/ml in Tris/HCl
buffer, pH 7.4) were added to both sides of the membrane. After a
few minutes of equilibration, −100 mV potential was applied in
order to monitor changes in electrical properties of BLMs. Starting
at 0.2 ml, venoms of MLO and NK showed dramatic changes of the
membrane conductance (macroscopic integral conductance) and
venom of MR showed signiﬁcant activity (Table 1). An excess
venom added in both sides of BLM raised sharply the membrane con-
ductance and witnessed a cumulative mode of venom–membrane in-
teraction. For the next series of experiments, the lipid fraction, after
removing the chloroform–methanol mixture was incubated with
venom stock solution and held at a constant temperature of 37 °C
for 10 min. Then venom solution was washed out and BLMs were
formed from lipid mixture in nonane. This procedure didn't lead to
any signiﬁcant changes in the means of conductance of bilayers in-
duced by MLO and MR venoms, but BLMs from brain lipids of rats in-
cubated with cobra venom showed a dependence of electrical
resistance of bilayers from processing time (Fig. 1, right) and venom
concentration (Fig. 1, left).
Collectively these results indicate that the components of MLO
and MR venom demonstrate rather surface activity during mem-
brane–peptide interaction, while at least one or more components
of cobra venom deﬁnitely penetrating the bilayer. Indeed, single-
channel current events induced by NK venom have been recorded
in BLMs at lowest concentrations (b8*10−4 mg/ml).
3.2. Planar lipid bilayer preparation for in vivo experiments and ionic
permeability of BLMs
Planar lipid bilayers for these series of experiments were formed
from solutions of native lipid mixtures from different tissues of rats
(liver, heart, brain and muscle) after short-term (10 min) intramus-
cular injection of the venom (0.35 mg/kg approx. 0.5 LD 50).
The presence of viper venom in organism leads to the increase of
the electrical resistance of BLMs from liver and muscle lipids approx-
imately on a sequence, while the BLMs from brain lipids have not
shown noticeable differences of plastic properties compared with
the control (Tables 2, 3). The same concentration of cobra venom
leads to the decrease of electrical resistance of BLMs from 1011 Ω till
108 Ω. The low concentration of venom leads to the appearance of
channel activity (Table 4). It is especially noticeable in liver lipids in
media of bivalent ions.
3.3. Intrinsic ﬂuorescence study with ANS
As it was mentioned above the negatively charged ANS ﬂuores-
cence intensity is inversely proportional to the value of membrane
potential. The emission spectrum of free ANS centered at about
518 nm. The ANS with viper venom composition (both MLO and
MR) gave rather similar spectra with weakly different maximumh cobra venom) on the processing time (right) and venom concentration (left).
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intensities of both GUVs with ANS and MLO venom modiﬁed GUVs
with ANS are approximately similar and twice more than that of the
total emission intensity of the ANS and ANS/venom. In spite of the no-
ticeable differences in maximum emission positions between probes
in the presence of phospholipids vesicles and probes without GUVs
(499 nm and 20 nm, respectively), there is no signiﬁcant shape
change of the normalized spectra. As you can see ANS ﬂuorescence
in the buffer solution undergoes minor changes under the inﬂuence
of viper venom in the same buffer but the decrease of the ANS ﬂuo-
rescence intensity in liposomes incubated with viper venom com-
pared to the ANS ﬂuorescence intensity in liposomes incubated
without additions may be due to the damage of the lipid bilayer pack-
aging. Hence an apparent increase in the surface potential could be
caused by a deeper penetration of the ANS probe between the lipid
headgroups (Table 5).
3.4. Intrinsic ﬂuorescence study with pyrene
Pyrene is a hydrophobic probe inserted in the phospholipid tail
area, which enables to evaluate the relative ﬂuidity of the liposome
membrane. The study of venom inﬂuence on liposome ﬂuidity with
the help of pyrene made it possible to ﬁnd out certain features of
the interaction between ﬂuorescence probe and liposomes modiﬁed
by venom.
Being a hydrophobic probe, pyrene is not soluble in the buffer so-
lution and its ﬂuorescence intensity is very weak. But after incubation
in liposome solution the intensity of pyrene ﬂuorescence increases
sharply (Fig. 3).
The emission spectrum of natural snake venom is centered at
about 347 nm, which is the well known ﬂuorescent parameter for
peptides free in solution [28]. Mixture solution of venom with pyrene
gave absolutely similar spectra, while free pyrene's ﬂuorescence is
very weak and not quite detectable. On the contrary, on adding zwit-
terionic phospholipid vesicles, drastic changes occur on the emission
spectra of pyrene and pyrene/venom mixture. Classical pyrene spec-
tra in the presence of phospholipid vesicles have a double-headed
shape with maximum in 360 nm (peak I) and 394 nm (peak III)
[29]. In the case of interaction of pyrene with venom modiﬁed
GUVs, the observed changes are even more dramatic. The peptide
ﬂuorescence gave the same spectra as the free snake venom in buffer,Table 2












Control 1.3*1010 0.7*10−11 355 1.3*109 16*10−10
Vipera lebetina 5.6*1010 1.8*10−11 309 6*1010 1.6*10−11
Vipera raddei 7.3*1010 1.3*10−11 313 – –
Naja kaoutia 7.4*1010 1.3*10−11 407 2.3*1010 4.3*10−11
Each group contained 20 BLMs from four tissues.
P>0.01 by Student's t-test relative to the corresponding control.but the emission intensity is half that of the total emission. Single pyr-
enes in the bilayer membranes also gave rather similar spectra with
the characteristic double-headed shape. As was noted earlier by
Kalayanasundaram and Thomas, the relative intensity of peak III to
peak I is a characteristic parameter, which is used to discuss the envi-
ronmental effects on pyrene monomer ﬂuorescence. The peak ratios
are quite reproducible (±0.02) and within this error range are inde-
pendent of the excitation wavelength and concentration of pyrene
(including concentration ranges where excimers are present). The
peak ratio decreases with increasing dipole moment of the solvent
and can be interpreted as a measure of the compactness of the head
group structures and the extent of surface charge. In our case the
peak ratios are higher for GUVs without venom (3/1 ratio 1.09), indi-
cating a smaller water penetration in these liposomes compared to
GUVs modiﬁed with venom (3/1 ratio 0.95).
But also there appeared a new emission spectrum, which is cen-
tered at about 457 nm. As we've suggested, this part of the spectrum
reﬂects the ability of pyrene to form excimers, depending on the ﬂu-
idity of bilayer. On the other hand, the ﬂuidity of bilayers is changing
after the interaction of the membrane with venom's components.
The ﬂuidity of GUV membrane in the course of interaction with
venom peptides calculated for different lipid domains in various con-
ditions varies strongly as shown in Table 5. The ratio of the excimer (I
′ at λ′=457 nm) to monomer intensity (I at λ=394 nm) of the em-
bedded pyrene is an index of ﬂuidity parameter of its environment
and also of its magnitude of incorporation [30]. At a constant temper-
ature the I′/I ratio is directly proportional to the effective concentra-
tion of the probe incorporated within the membrane (I′/I=2.61,
Table 5). Although mentioned data do suggest that the binding and
inclusion of peptides in the membrane surface may promote the
solid lipid phase formation. On the contrary, the ﬂuidity of the lipid
bilayer domains in the liquid crystalline phase is signiﬁcantly
increasing.4. Discussion
As we can see from the experiments with planar lipid layers, that
compare cobra venomwith viper venom, peptides afﬁnity is dominated
by the electrostatic term. The hydrophobic effect is thus not sufﬁcient to
maintain a deep embedding of the peptides within the lipids. So the
components of venom are very probably adsorbed at such a lipid inter-
facewith a fewnon-polar residues at the contactwith lipid chain. This is
in agreement with the data concerning the interaction of different pep-
tides from snake venoms [31,32]. In such cases the binding to lipidswas
also strictly curvature-dependent.
On the other hand, electroformation of GUVs in venom solution
can be used systematically to monitor interactions of the membrane
curvature-sensitive peptides, classify their lipid afﬁnities and to at-
tempt to correlate them with their cytotoxic activities. For the exper-
iments with BLMs, we worked out the following scheme, relying on
the fact that the venom can't go into the ﬂat bilayer (Fig. 4). Under
















200 2*109 5*10−10 219 2*109 5*10−10 180
228 5.6*1010 1.7*10−11 291 4.7*1010 2*10−11 225
– 5.3*1010 1.9*10−11 239 4.6*1010 2.1*10−11 304
252 4.2*1010 2.4*10−11 249 2.9*1010 4.2*10−11 232
Table 3
Montivipera raddei venom in vivo action on the electrical properties of BLMs (resistance Rm, conductivity gm and breaking-potential Ur) formed from different tissue's lipids for uni-
valent ions.
Brain Liver Muscle
Rm Ohm gm Ohm−1 Ur mV Rm Ohm gm Ohm−1 Ur mV Rm Ohm gm Ohm−1 Ur mV
K+ 7.25*1010 1.3*10−11 313 5.26*1010 1.9*10−11 239 4.62*1010 2.1*10−11 304
Na+ 5*1010 2*10−11 234 1.17*109 8.5*10−10 162 1.94*1010 5.1*10−11 227
Li+ 16*1010 6*10−12 309 2.54*1010 3.9*10−11 173 1.94*109 5.1*10−10 200
J- 1.33*109 7.5*10−10 355 5.98*108 1.6*10−9 180 2.71*109 3.6*10−10 348
Cl- 7.25*1010 1.3*10−11 313 5.26*1010 1.9*10−11 239 4.62*1010 2.1*10−11 304
Br- 10*1010 1*10−11 312 2.58*108 3.8*10−9 162 3.3*105 3*10−6 327
Each group contained 20 BLMs from three tissues.
P>0.01 by Student's t-test relative to the corresponding control.
Table 4
Naja kaoutia venom in vivo action on the electrical properties of BLMs (resistance Rm,















K+ 7.4*1010 1.4*10−11 407 4.2*1010 2.4*10−11 249
Na+ 52*1010 1.9*10−11 359 2.1*1010 4.8*10−11 233
Li+ – – 448 2.15*1010 4.8*10−11 170
J- – – 427 3.7*109 2.7*10−10 180
Cl- 7.4*1010 1.4*10−11 407 4.2*1010 2.4*10−11 249
Br- 1.02*1010 1*10−10 354 1.49*108 6.7*10−9 157
Each group contained 20 BLMs from two tissues.
P>0.01 by Student's t-test relative to the corresponding control.
Table 5
Pyrene and ANS ﬂuorescence intensity in liposome membrane modiﬁed with viper
venom.





Protein/lipid contacts Lipid bilayer
Control GUVs 160.7 160.7 251.1
GUVs containing venom 110.8 289.8 216.6
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BLM. The introduction of the modiﬁed liposomes into the BLMs is eas-
ier; as a lipid/lipid interaction takes place and as a result BLMs are
modiﬁed by venom components. The addition of modiﬁed liposomes
leads to the channel-like activity, which is periodic in case of high
voltage (200 mV). In fact, penetration of liposome bilayer is larger
and results in the described effect.
We used ANS and pyrene as ﬂuorescence probes, which make it
possible to clear up the state of the membrane and speciﬁcally mark
the phospholipid ranges. ANS and pyrene allow us to quantify the ﬂu-
idity changes in the membrane by measuring ﬂuorescence intensity.
Studies following the changes in the plastic properties ofmembranes
of different tissues during snake venom envenomation are scarce. The
analysis of the results obtained in the experiments with whole venom
is difﬁcult because of the complexity of ongoing processes, each of
which may induce various cascades of tissue damages. Biochemically,Fig. 2. ANS ﬂuorescence intensity in liposome membrane modiﬁed with viper venom.snake venoms are a complex mixture of pharmacologically active pro-
teins and polypeptides. All of these components act in concert. The syn-
ergistic action of venom proteins may enhance their activities or
contribute to the spreading of toxins. Especially the synergy is important
for the sub-family Vipera, because they have not the real toxins in the
venom (like three-ﬁnger toxins of Elapidae or cytotoxins of pitvipers).
Almost all enzymes of Vipera are paralogs of mammalian enzymes. In
most cases, snake venom enzymes act asmonomers and exhibit optimal
pharmacological properties and contribute to toxicity. But in the case of
Vipera sub-family snake venoms, they form complexes with other non-
enzymatic proteins to achieve higher efﬁciency through synergy. By the
injection of venom we are launching out the cascade of processes and
the results obtained here allow us to suppose how in this 10-minute
treatment with snake venom the toxicant exercises its harmful effect
on the cellular membrane. Thus we also discuss the pharmacological ef-
fects of such protein complexes on the different tissues.
At the same time an important task of such research is to provide
not only opportunities to improve tissue recovery and clinical out-
come of patients, but also to adopt novel therapeutic strategies to
treat a number of diseases, such as different types of aggressive can-
cers [33,34] or neurological damages [35,36]. The information about
membrane–venom interaction provide ideal platform for the design
of potent inhibitors which are useful in the development of proto-
types and lead compounds with potential therapeutic applications.Fig. 3. Pyrene ﬂuorescence intensity in liposome membrane modiﬁed with viper venom.
Fig. 4. GUV fusion with BLM after electroformation in venom solution.
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